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GEOGRAPHICAL BOUNDARY BASED 
TRACKING 

RELATED APPLICATIONS 

This application claims the benefit of and priority to U.S. 
Provisional Application No. 61/104.323, filed Oct. 10, 2008, 
and to U.S. Provisional Application No. 61/104,327, filed 
Oct. 10, 2008, both titled “Geofence tracking and both of 
which are expressly incorporated herein by reference. 

The present application for patent is a Continuation and 
claims priority to patent application Ser. No. 12/485,779 
entitled “Geographical Boundary Based Tracking filed Jun. 
16, 2009, and assigned to the assignee hereof and hereby 
expressly incorporated by reference herein. 

FIELD 

This disclosure relates generally to apparatus and methods 
for wireless tracking of assets. More particularly, the disclo 
Sure relates to tracking people or targets across, into or out of 
geographical boundaries. 

BACKGROUND 

Geographical boundary based tracking, some times 
referred to as geofence tracking, is the monitoring of move 
ment of assets such as packages, equipment, vehicles, moving 
targets and personnel with respect to one or more defined 
geographic boundaries, regions or areas. The boundary may 
be imaginary (i.e., without fixed real world fences or board 
ers) or may be inherently defined (e.g., within the city limits 
or on a highway). Such tracking may be used to monitor and 
record the crossing, entry or exit of an asset (such as a vehicle) 
as it passes the geographical boundary and to alert a system 
operator of movement activities of the asset if the asset strays 
from a normal protocol. 
A geographical boundary may define and enclose an area 

(e.g., defined by a circle), a corridor (e.g., defined by a pair of 
parallel lines), aboarder (e.g., defined by a single line) and the 
like. Initially, an asset may have an unknown position. Once 
a position is determined, the position along with its uncer 
tainty may be inside the boundary, outside the boundary or 
straddling the boundary. An asset straddles a boundary when 
its area of position uncertain partially overlaps with both sides 
of the geographical boundary. An assets location may be 
established by one or more position fixes. A position fix may 
be obtained via a single or a combination of a variety of modes 
or positioning Sources, including but not limited to: Stand 
alone GPS with no system assistance; MS-based (Mobile 
Station-based) GPS with system assistance for initialization; 
MS-assisted (Mobile Station-assisted) with an external entity 
performing the fix; AFLT (Advanced Forward Link Trilatera 
tion) based on CDMA sectors triangulation; hybrid based on 
GPS and CDMA sectors triangulation; and sector center 
based on sector location. One skilled in the art would under 
stand that other modes as well as various steps for processing 
the position fix may be used without altering the scope of the 
disclosure. 

Position fixes have various confidence levels due to inher 
ent errors. These inherent errors can greatly affect the reli 
ability of geographical boundary based tracking. If the error 
level of the position fixes is high, the reliability of such 
tracking is reduced. The reliability of geographical boundary 
based tracking may also be reduced when only non-continu 
ous position fixes are available. The level of reliability may 
depend on the time interval with which position fixes of the 
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2 
asset become available. Additionally, the reliability of geo 
graphical tracking may be affected by other conditions. Such 
as the shape of the defined geographical boundary. 

SUMMARY OF THE DISCLOSURE 

Disclosed is an apparatus, method and system for geo 
graphical tracking. The apparatus, method and system for 
geographical tracking tracks entry and/or exiting of an asset 
into and/or out of a defined geographical boundary and 
reports the same. Entry and exit tests compare position fixes 
with various thresholds and parameters to determine if the 
asset has entered or exited the geographical boundary. Tests 
are sequenced such that tests having lower levels of complex 
ity (lower order) are performed before tests having higher 
levels of complexity (higher order). In this way, most position 
fixes are processed using computations having a lower order 
of mathematical complexity than conventionally imple 
mented. 

According to some aspects, disclosed is a method for track 
inganasset, the method comprising: obtaining a geographical 
boundary; receiving fix data comprising uncertainty param 
eters defining an area of uncertainty; determining an over 
inclusive area of uncertainty based on at least one of the 
uncertainty parameters; and determining a relationship 
between the geographical boundary and the area of uncer 
tainty based on the over-inclusive area of uncertainty, 
wherein the relationship comprises one of possible relation 
ships comprising (a) a relationship in which the area of uncer 
tainty is completely inside the geographical boundary; (b) a 
relationship in which the area of uncertainty is completely 
outside the geographical boundary; and (c) an indeterminate 
relationship; and reporting an event based on a change from a 
previous determined relationship. 

According to Some aspects, disclosed is a geographical 
tracking device comprising a processor and a memory 
wherein the memory includes software instructions to: obtain 
a geographical boundary; receive fix data comprising uncer 
tainty parameters defining an area of uncertainty; determine 
an over-inclusive area of uncertainty based on at least one of 
the uncertainty parameters; and determine a relationship 
between the geographical boundary and the area of uncer 
tainty based on the over-inclusive area of uncertainty, 
wherein the relationship comprises one of possible relation 
ships comprising (a) a relationship in which the area of uncer 
tainty is completely inside the geographical boundary; (b) a 
relationship in which the area of uncertainty is completely 
outside the geographical boundary; and (c) an indeterminate 
relationship; and report an event based on a change from a 
previous determined relationship. 

According to some aspects, disclosed is a computer-read 
able medium including program code stored thereon, com 
prising program code to: obtain a geographical boundary; 
receive fix data comprising uncertainty parameters defining 
an area of uncertainty; determine an over-inclusive area of 
uncertainty based on at least one of the uncertainty param 
eters; and determine a relationship between the geographical 
boundary and the area of uncertainty based on the over 
inclusive area of uncertainty, wherein the relationship com 
prises one of possible relationships comprising (a) a relation 
ship in which the area of uncertainty is completely inside the 
geographical boundary; (b) a relationship in which the area of 
uncertainty is completely outside the geographical boundary; 
and (c) an indeterminate relationship; and report an event 
based on a change from a previous determined relationship. 

It is understood that other aspects will become readily 
apparent to those skilled in the art from the following detailed 
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description, wherein it is shown and described various aspects 
by way of illustration. The drawings and detailed description 
are to be regarded as illustrative in nature and not as restric 
tive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B, 1C, 2A, 2B, 3A, 3B and 3C are diagrams 
illustrating exemplary predefined geographic boundaries, in 
accordance with some embodiments of the present invention. 

FIG. 4 illustrates time-varying geographic boundaries, in 
accordance with some embodiments of the present invention. 

FIG. 5 shows a state diagram, in accordance with some 
embodiments of the present invention. 

FIGS. 6A and 6B illustrate fix data including uncertainty 
parameters, in accordance with Some embodiments of the 
present invention. 

FIGS. 7 and 8A through 8F illustrate fix data in relation to 
a geographical boundary, in accordance with some embodi 
ments of the present invention. 

FIGS.9A,9B, 10A, 10B, 11, 12A, 12B and 12C show flow 
charts of exemplary geographical tracking algorithms, in 
accordance with some embodiments of the present invention. 

FIGS. 13, 14, 15, 16, 17, 18, 19 and 20 illustrate various 
tests to determine whether an asset is inside, outside, not 
inside, not outside or straddling a geographical boundary, in 
accordance with some embodiments of the present invention. 

FIG. 21 shows a hardware implementation, in accordance 
with some embodiments of the present invention. 

DETAILED DESCRIPTION 

The detailed description set forth below in connection with 
the appended drawings is intended as a description of various 
aspects of the present disclosure and is not intended to rep 
resent the only aspects in which the present disclosure may be 
practiced. Each aspect described in this disclosure is provided 
merely as an example or illustration of the present disclosure, 
and should not necessarily be construed as preferred or 
advantageous over other aspects. The detailed description 
includes specific details for the purpose of providing a thor 
ough understanding of the present disclosure. However, it 
will be apparent to those skilled in the art that the present 
disclosure may be practiced without these specific details. In 
Some instances, well-known structures and devices are shown 
in block diagram form in order to avoid obscuring the con 
cepts of the present disclosure. Acronyms and other descrip 
tive terminology may be used merely for convenience and 
clarity and are not intended to limit the scope of the disclo 
SUC. 

FIGS. 1A, 1B, 1C, 2A, 2B, 3A, 3B and 3C are diagrams 
illustrating exemplary predefined geographic boundaries, in 
accordance with some embodiments of the present invention. 
Each geographical boundary is shown defined by a line or an 
edge 10. 

In FIG. 1A, a closed area is defined by a single geographi 
cal boundary. In this case, the enclosed area 20 defines a circle 
with radius R and circumference or edge 10. The circle 
defines a first side or a first area 20 (an area that lies within the 
circle) and a second side or second area 30 (an area that lies 
outside of the circle). 

Ofcourse other definable closed areas are possible, such as 
a rectangle, square, oval, ellipse or combinations of definable 
shapes, which may be overlapping and/or non-overlapping 
shapes. In FIG. 1B, a closed area 20 is defined by a rectangle 
or square 10. In FIG. 1C, a closed area 20 is defined by a 
polygon. 
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4 
In FIG. 2A, a closed area 20 is defined by a pair of lines or 

curves 10. Such an area may follow and bound a roadway, 
railway, shipping channel or other path of travel. The closed 
area of FIG. 2A may be approximated by a series of polygons 
such as in FIG. 2B where each polygon defines a sub-area 
20A, 20B. Alternatively, the closed area may be defined by a 
pair of horizontal lines (e.g., defining a strip in the northern 
hemisphere such as an area between the 45 and 46 parallels). 
Alternatively, the closed area 20 may be defined by three or 
more lines 10. 

In FIG. 3A, an open area 20 is defined by a geographical 
boundary 10. The geographical boundary 10 divides an area 
into a first side 20 and an opposite side 30 of the geographical 
boundary. In this case, the geographical boundary 10 may be 
defined as a straight line (e.g., following a longitude or lati 
tude line) or may follow a border (e.g., a border between 
states or countries), a geographic feature (e.g., the continental 
divide or a shoreline), or the like. The arbitrary curve of FIG. 
3A may be approximated by one or more lines, such as shown 
in FIG. 3B. 

In FIG. 3C, a closed area 20A is arbitrarily shaped by line 
10A. In this case, a circle 10B may be used to approximate the 
arbitrary shape. For example, the circle 10B could be large 
enough to entirely enclose the arbitrary shape. In this case, the 
circle 10B would be over inclusive. The circle 10B (having 
area 20B) may be used to determine with certainty, however, 
if an asset is outside the arbitrarily shaped area 20A. Simi 
larly, a circle 10C could be as large as possible but still 
entirely encompassed by the arbitrary shape 10A. In this case, 
the circle 10C (having area 20O) may be used to determine 
with certainty if an asset is inside the arbitrarily shaped area. 
As described above, each geographical boundary is shown 

as a fixed line or curve 10. In other embodiments, the geo 
graphical boundaries may be different depending on a direc 
tion of travel and/or time of travel. For example, the boundary 
may be defined with a hysteresis boarder. As a simple 
example, a geographical boundary may be a circle. An assetis 
determined to be within the geographical boundary when the 
asset is within the area defined by its radius R. An asset is 
determined to be outside the geographical boundary when the 
asset is beyond the area defined by its radius R plus a buffer or 
hysteresis distance. In this way, an asset resting on the bound 
ary is not determined to be bouncing between being inside 
and outside a geographical area. The algorithms described 
below do not explicitly include a hysteresis boundary but may 
be appropriately modified to include Such a hysteresis bound 
ary. 

FIG. 4 illustrates time-varying geographic boundaries, in 
accordance with some embodiments of the present invention. 
For example, a first geographical boundary 10A defining a 
circle with radius R and area 20A may be active during 
School hours and encompass School grounds. A second geo 
graphical boundary 10B defining a circle with radius R and 
area 20B may be active during commuting hours and encom 
pass a prescribed route. A third geographical boundary 10C 
defining a circle with radius R and area 20O may be active 
outside of School and commuting hours and encompass a 
residence. With Such a time-dependent geographical bound 
ary, an asset may be tracked according to where that asset is 
expected to be located during a predefined time. 

FIG. 5 shows a state diagram, in accordance with some 
embodiments of the present invention. The diagram shows 
three primary States: an unknown state 40; an inside state 41; 
and an outside state 42. If no information is known regarding 
the location of an asset, a system may set the current state to 
a state indicating the current location is unknown 40. Once a 
position is known, the state may be set to indicate that the 
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asset is either inside 41 or outside 42 a geographical bound 
ary. If the last or current fix data indicates that the asset is 
inside 41, the system may focus on detecting whether the 
asset has exited the geographical boundary. Alternatively, if 
the last or current fix data indicates that the asset is outside 42, 
the system may focus on detecting whether the asset has 
entered the geographical boundary. 

In some embodiments, more than a single geographical 
boundary 10 exists. In these cases, multiple states may be 
active at one time. That is, a first state 41 may show that an 
asset is within one boundary and a second state 41' may show 
that the asset is within an overlapping boundary at the same 
time. Alternatively, an asset may be currently inside one 
boundary (state 41 being enabled) and also currently outside 
of another boundary (state 42 being enabled). In some 
embodiments, each time the asset changes states and enters a 
geographical boundary, the system reports an entry event. In 
Some embodiments, each time the asset changes states and 
exits a geographical boundary, the system reports an exit 
event. 

Fix data may include uncertainty parameters defining an 
area of uncertainty. Typically, fix data includes a position 
location fix (such as provided by trilateration or triangulation, 
by a GPS device or other positioning source or combination 
of positioning sources) as well as associated location uncer 
tainty information, which may be represented by an error or 
uncertainty ellipse or other shape, or by one or more variance 
parameters. In accordance with some embodiments of the 
present invention, this uncertainty information may be sim 
plified to accelerate determination of anassets dynamic posi 
tion with respect to a geographical boundary 10 (i.e., enter 
ing, exiting, inside of, or outside of the geographical 
boundary 10). 

FIGS. 6A and 6B illustrate fix data including uncertainty 
parameters, in accordance with Some embodiments of the 
present invention. In FIG. 6A, a position fix at point P 200 is 
shown at the center of the illustration. The position may be 
defined by longitude and latitude coordinates or the like. 
Alternatively, the position may be defined by longitude and 
latitude coordinates along with an altitude. An area of uncer 
tainty Surrounding the position defines a region the asset is 
actually located, within a degree of certainty. The area of 
uncertainty may define an area that the asset is located within 
a fixed probability. For example, the asset may be known to be 
inside the area of uncertainty within a 90% probability. The 
area of uncertainty may be defined by an uncertainty ellipse 
210 having a major axis 220 and a minor axis 230 perpen 
dicular to the major axis 220. The length of the major axis 
220. Sometimes referred to as a radius, is measured along the 
greatest span of the ellipse from its center point P 200 to the 
edge 210. The angles of the major axis 220 and the minor axis 
230 for the position uncertainty ellipse 210 may be further 
identified by an angle offset C. from true North. 

To reduce computational complexities further, at the cost 
of accuracy, the uncertainty ellipse 210 may be simplified and 
represented by a circle 240 having a radius at least equal to the 
length of the major axis 220. In this way, the geographic area 
ofuncertainty defined by the circle 240 is over inclusive and 
fully contains the uncertainty area defined by the ellipse 210. 
Furthermore, the uncertainty ellipse 210 may be simplified 
and represented by a square 245 having sides in length at least 
equal to the twice the length of the major axis 220. Also 
shown is an interior circle 248 (also referred to as a core area 
or an under-inclusive area) used to determine if the uncer 
tainty area within ellipse 210 partially overlaps the geo 
graphical boundary as described with reference to FIGS. 17 
and 18. 
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6 
FIG. 6B shows two ellipses of uncertainty representing a 

common position but with different probabilities. A position 
ing system provides fix data with an original area of uncer 
tainty 210' (defined by a major axis a' and a minor axis b') with 
an associated probability. That is, an asset is known to be 
within the area of uncertainty within some fix probability. For 
example, an area of uncertainty may represent a 50% prob 
ability area of uncertainty. Therefore, the likelihood that the 
asset is within this original area 210' is 50%. This original area 
ofuncertainty 210" may be modified to include the asset at a 
higher probability. For example, the original area of uncer 
tainty 210" may be increase to a first area of uncertainty 210. 
This first area of uncertainty 210 may represent an uncer 
tainty of 90%. Therefore, the likelihood that the asset is 
within this area is 90%. The first area of uncertainty 210 
defined by a major axis 220 and a minor axis 230. In some 
embodiments, the ratio of aca' and bib' is a common constant 
(e.g., 

Alternatively, the original area of uncertainty 210' may be 
formed such that different ratios are used (e.g., 

In these cases: (a)a'>a and b'>b; (b)a'>a and b'<b; or (c) a'<a 
andb'>b. This first area of uncertainty 210 may be generalized 
as an over-inclusive area of uncertainty, as explained above, 
by a circle 240 or a square 245. When discussing areas of 
uncertainty in the text below, this area is associated with a 
known probability appropriately set (e.g., to 90%) for the 
application at hand. 

FIGS. 7 and 8A through 8F illustrate fix data in relation to 
a geographical boundary, in accordance with some embodi 
ments of the present invention. FIG. 7 shows a predetermined 
geographical boundary 10 and an area of uncertainty 210. The 
predetermined geographical boundary 10 has a center posi 
tion G12 and a radius R14 defining an area 20. Locations not 
in area 20 are in area 30. The assets position P200 centered 
in an uncertainty ellipse 210 defined by a major axis 220, a 
minor axis 230 and an offset angle C. from magnetic north. If 
necessary, the uncertainty ellipse has previously been 
adjusted to represent an appropriate level of uncertainty (e.g., 
90%). The centerpoint G12 of the geographical boundary 10 
and the center point P 200 of the area of uncertainty 210 are 
separated by a distanced 250, which may be represented by a 
vector of length d and offset by an angle 13 from north. 

FIGS. 8A to 8F show a sequence of scenarios in which a 
predetermined geographical boundary 10 defines an area 20 
that either overlaps or does not overlap with one or more of an 
uncertainty ellipse 210, a circle of uncertainty 240 and a 
position fix P 200. The sequence of scenarios show an area of 
uncertainty (defined by the ellipse 210) at various positions 
relative to the predetermined geographical boundary 10. By 
using an uncertainty circle 240 and representing the locations 
G 12 and P 200 in polar coordinates, the determination of 
whether the uncertainty circle 240 is entirely within or 
entirely outside the predetermined geographical boundary 10 
is computationally reduced to a difference or Sum calculation 
as described below. If the uncertainty circle 240 overlaps the 
predetermined geographical boundary 10, additional calcu 
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lations may be made to determine whether the uncertainty 
ellipse 210 is entirely within, entirely outside or also overlap 
p1ng. 

FIG. 8A shows a scenarios in which the predetermined 
geographical boundary 10 does not overlap either of the 
uncertainty ellipse 210 or the circle of uncertainty 240 and 
does not encompass the position fix P 200. In this case, the 
distanced will be greater than the sum of the radius G and the 
radius 220 of the uncertainty circle 240. That is, if dsR+a, 
then the unknown position of the asset is certainly outside of 
the geographical boundary 10 and entirely in the area 30, 
therefore the uncertainty ellipse 210 and point P200 are also 
outside of the geographical boundary 10. 

FIG. 8B shows a complimentary scenarios in which the 
predetermined geographical boundary 10 encompasses each 
of the uncertainty ellipse 210, the circle of uncertainty 240 
and the position fix P 200. In this case, the distanced will be 
less than the difference of the radius R and the radius 220 of 
the uncertainty circle 240. That is, if dsR-a, then the 
unknown position of the asset is certainly inside of the geo 
graphical boundary 10. 

Described above are the computations involved with deter 
mining if an over inclusive area of uncertainty 240 falls com 
pletely outside or completely inside a geographical boundary 
10 bounding the area 20. Using a circular area 20 and a region 
ofuncertainty generalized by a circle 240 allows the compu 
tation become relatively straight forward. Similarly, if the 
area 20 and region of uncertainty 210 are generalized to 
rectangles, the computations are equally as straight forward. 

If the distance between the center locations G12 and P200 
is between these ranges described above (i.e., G-a-d-G+a), 
then the uncertainty circle 240 overlaps with the predeter 
mined geographical boundary 10. Further testing is per 
formed in order to determine whether the uncertainty ellipse 
210 also overlaps with the predetermined geographical 
boundary 10. The following four figures show four different 
scenarios in which the uncertainty circle 240 partially over 
laps the geographical boundary 10 but the uncertainty ellipse 
210 is either divided or does not overlap with the geographical 
boundary 10. If the uncertainty ellipse 210 is not divided, then 
the position of the asset is known (at least within a predeter 
mined probability of uncertainty) to be either inside or out 
side the predetermined geographical boundary 10. 

FIG. 8C shows a scenarios in which the predetermined 
geographical boundary 10 overlaps with the uncertainty 
circle 240 but happens not to overlap with the uncertainty 
ellipse 210 and therefore does not encompass the position fix 
P 200. In this case, the distanced will be greater than the 
radius R but less than the sum of the radius R and the radius 
220. That is, if G-d-G+a, the circle of uncertainty 240 over 
laps with the area 20. Depending on the orientation of the 
major axis of the uncertainty ellipse 210 and its geometry 
with respect to the heading fB of the direction vector, the 
uncertainty ellipse 210 might be completely outside of or 
partially overlapping the area 20 as shown here. An additional 
test is performed to determine whether the uncertainty ellipse 
210 is free from or also overlaps with the area 20. In this case, 
the uncertainty ellipse 210 is shown not to overlap with the 
area 20. For comparison, see FIG. 8E and the associated 
description below. 

FIG. 8D shows a complementary scenario in which the 
predetermined geographical boundary 10 overlaps with the 
uncertainty circle 240 but also happens to completely encom 
pass the uncertainty ellipse 210. In this case, the distanced 
will be greater than the radius R less the radius 220 but less 
than the radius R. That is, if R-agdkR, the circle of uncer 
tainty 240 overlaps with the area 20. Depending on the ori 
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8 
entation of the major axis of the uncertainty ellipse 210 and it 
geometry with respect to the heading B of the direction vector, 
the uncertainty ellipse 210 might be completely inside of or 
partially overlapping the area 20. An additional test is per 
formed to determine whether the uncertainty ellipse 210 is 
encompassed by or also partially overlaps the area 20. In this 
case, the uncertainty ellipse 210 is shown to be completely 
encompassed by the area 20. For comparison, see FIG. 8F and 
the associated description below. 

FIG. 8E shows a scenarios in which the predetermined 
geographical boundary 10 happens to overlap with the uncer 
tainty ellipse 210 but does not encompass the position fix P 
200. In this case, the distanced will be greater than the radius 
Rbut less than the sum of the radius Rand the radius 220. That 
is, if G-d-R+a, the circle of uncertainty 240 overlaps with the 
area 20 but the point P is outside of the area 20. 

FIG. 8F shows a scenarios in which the predetermined 
geographical boundary 10 happens to overlap with the uncer 
tainty ellipse 210 and also encompass the position fix P 200. 
In this case, the distanced will be greater than the radius R 
less the radius 220 but less than the radius R. That is, if 
R-a-d-R, the circle of uncertainty 240 overlaps with the area 
20 but the point P is inside of the area 20. 
As an overview, by using the computations described with 

relation to FIGS. 8A and 8B, a system may determine whether 
the uncertainty circle 240 does not overlap with the predeter 
mined geographical boundary 10 (i.e., the distance between 
the center locations G 12 and P 200 falls within a predeter 
mined range). If the uncertainty circle 240 intersects with the 
predetermined geographical boundary 10, it remains 
unknown whether the uncertainty ellipse 210 also intersects 
with the predetermined geographical boundary 10. In this 
case, further processing may be used to determine if the 
uncertainty ellipse 210 is divided by the predetermined geo 
graphical boundary 10. Alternatively, a new position fix may 
be made resulting in a new position having an area of uncer 
tainty that is the same, Smaller or larger than the previous fix. 
That is, the new position fix may be made using the same 
parameters; however, the resulting fix may have a larger area 
of uncertainty. In some embodiments, the new position fix 
may be made using an increased integration time to help 
improve accuracy and attempt to reduce the area of a new 
uncertainty ellipse. The computation used to determine 
whether the circle of uncertainty 270 is completely outside or 
completely inside the predetermined geographical boundary 
10 may be skipped by performing a second more accurate 
position fix. 
FIGS.9A,9B, 10A, 10B, 11, 12A, 12B and 12C show flow 

charts of exemplary geographical tracking algorithms, in 
accordance with some embodiments of the present invention. 

FIGS. 9A and 9B show a process for a system to check for 
an exit event (i.e., when an asset leaves a designated area 20). 
The system may be use a single processor or may use multiple 
processor co-located or located at separate locations. At 300, 
the system obtains the definition forageographical boundary 
10. This geographical boundary 10 may be retrieved locally 
(e.g., from memory) or obtained remotely. This geographical 
boundary 10 may be provided as a closed area such as a circle 
(a centerpoint G12 and a radius R) or polygon. Alternatively, 
the geographical boundary 10 may be define as a line, a 
plurality of closed areas, and/or as a function of time other 
shapes as described above. For simplicity, a circle with a 
radius R will be used below. 

Next, a cycle of receiving and processing asset position 
data begins. At 310, the system receives fix data defining an 
original area of uncertainty 210'. At step 320, the system 
converts the area of uncertainty 210 to a simpler form. That is, 



US 8,983,495 B2 

the system determines an increased area of uncertainty (e.g., 
a circle of uncertainty 240) based on at least one of the 
uncertainty parameters, such as a major axis 220 of defining 
the area of uncertainty 210. 

At 330, the system determines a relationship between the 
geographical boundary 10 and the increased area of uncer 
tainty 240. Based on tests described in further detail below, 
the system determines whether: (a) the increased area of 
uncertainty 240 is completely inside the geographical bound 
ary 10; (b) the increased area of uncertainty 240 is completely 
outside the geographical boundary 10; or (c) the increased 
area of uncertainty 240 is straddling or overlapping the geo 
graphical boundary 10. 

If the relationship indicates the increased area of uncer 
tainty 240 is completely inside the geographical boundary 10, 
then the asset has not left the geographical boundary 10 and 
no further processing is necessary until a next fix data is 
available for processing. 

If the relationship indicates the increased area of uncer 
tainty 240 is completely outside the geographical boundary 
10, then at 340, if it was not previously outside, the system 
may report an exit event where the asset is reported to have 
left the geographical boundary 10. 

If the relationship indicates the increased area of uncer 
tainty 240 is straddling or overlapping the geographical 
boundary 10, further processing may be halted until the next 
fix data is available for processing. At this point, the process 
may be repeated at 310. Alternatively, additional tests may be 
performed to more accurately determine the relationship 
between the area of uncertainty 240 and the geographical 
boundary 20 or an additional fix may be requested. 
FIG.9B illustrates additional processing when the rela 

tionship indicates the boundaries 10 and 240 are intersecting 
thereby their areas are straddling each other. At 350, the 
system may determine whether a new fix would be beneficial. 
If it would not be beneficial, processing may stop until the 
next cycle. For example, if the current fix is highly accurate 
(i.e., the area of uncertainty 210 is relatively small), process 
ing may stop and wait for the next position fix to begin again 
at 310. In this case, a parameter of uncertainty is compared to 
a threshold to determine whether the uncertainty is below a 
threshold value. Alternatively, a fix may not be beneficial if 
too many position fixes have been taken where each has 
resulted in a straddling outcome. Alternatively, step 350 may 
be skipped and additional testing (as described below at 360) 
may be performed. 

If a new fix would be beneficial, processing continues at 
315 where the system receives new fix data defining a new 
center point and a new area of uncertainty. At 325, this new 
area of uncertainty is increase as described before at 320. 

At 360, the system again determines a new relationship 
between the geographic area and the new increased area. At 
340, if the determined relationship indicates that the new 
uncertainty is outside the geographical boundary 10, the sys 
tem reports an exit event by the asset from the geographical 
boundary 10. If the new relationship indicates the areas are 
straddling or one is still entirely inside the other, processing 
may stop until the next cycle. 
The method described above may be used to track an asset 

leaving a geographic area 20. A similar method may be used 
to track an asset entering an area 20 as shown in FIGS. 10A 
and 10B. In FIG. 10A at 300, a system obtains the definition 
of a geographical boundary 10 as described above. A cycle 
begins at 310 when the system receives fix data defining an 
area of uncertainty 210. At 320, the system determines an 
increase area of uncertainty 240 as described above. 
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10 
Next at 330, the system determines the relationship 

between the geographical boundary 10 and the increased area 
ofuncertainty. The determined relationship will indicate one 
of three outcomes: (a) the increased area of uncertainty 240 is 
completely inside the geographical boundary 10; (b) the 
increased area of uncertainty 240 is completely outside the 
geographical boundary 10; and (c) the increased area of 
uncertainty 240 is straddling or overlapping the geographical 
boundary 10. 

If the relationship indicates the increased area of uncer 
tainty 240 is completely outside the geographical boundary 
10, then the asset has not entered the geographical boundary 
10 and no further processing is necessary until a next fix data 
is available for processing. 

If the relationship indicates the increased area of uncer 
tainty 240 is completely inside the geographical boundary 10, 
then at 370, if it was not previously inside, the system may 
report an entry event reporting that the asset has entered the 
geographical boundary 10. 

If the relationship indicates the increased area of uncer 
tainty 240 is straddling or overlapping the geographical 
boundary 10, further processing may be halted until the next 
fix data is available for processing. At this point, the cycle 
may repeat by returning to step 310. Alternatively, additional 
tests may be performed to more accurately determine the 
relationship between the area of uncertainty 210 and the 
geographical boundary 10 or an additional fix data may be 
requested. 

FIG. 10B illustrates additional processing when the rela 
tionship indicates the areas are straddling each other. At 350 
as described above with reference to FIG.9B, the system may 
determine whether a new fix would be beneficial. If it would 
not be beneficial, processing may wait for the next cycle to 
repeat again at step 310. If a new fix would be beneficial, 
processing continues at 315 where the system receives new 
fix data defining a new center point and a new area of uncer 
tainty. At 325, this new area of uncertainty is increase as 
described above with reference to step 320 in FIG.9A. 
At 380, the system determines a new relationship between 

the geographic area and the new increased area. If the deter 
mined relationship indicates that the new increased area of 
uncertainty falls completely inside the geographical bound 
ary 10, the system reports an entry event to report the asset is 
within the geographical boundary 10. If the new relationship 
indicates the areas are straddling or one is still outside the 
other, processing may stop until the next cycle. Alternatively, 
the steps of FIG. 10B may be repeated. 

FIG. 11 shows an example implementation of step 310 to 
receive fix data defining an area of uncertainty (from FIGS. 
9A and 10A described above). At 410, the system receives fix 
data, which may include position coordinates and uncertainty 
parameters. If the fix data includes longitude and latitude 
coordinates or other non-planar coordinates, at 420, the sys 
tem maps these non-planar coordinates to planar coordinates. 
The center point G12 of the geographic area 20 may be used 
as a reference point. Such a reference point leads to more 
accurate mapping near the reference point and less accurate 
mapping at points farther away from the reference point. That 
is, points near point G12 have a lower level of distortion than 
points farther away from point G12. 
At 430, the system may perform a sanity check of the fix 

data thereby eliminating positions that may be erroneous. 
Sanity checking may involve checking a position, a distance, 
a speed, a Velocity and/or an acceleration associated with a 
current position measurement with one or more previous 
position measurements. For example, a position may be 
checked such that only known positions (within a predeter 
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mined range) are valid. Alternatively or in addition, a distance 
from a current position to a previous position may be com 
pared to a threshold. A speed (distance/duration) may be 
compared to another threshold. An acceleration based on at 
least three positions may be compared to yet another thresh 
old. Furthermore, the position Source may provide warnings 
and/or error flags received that the system uses to validate or 
discard position fixes. 

At 440, the system may increase the certainty (e.g., from 
50% to 95%) by increasing the area of the provided area of 
uncertainty. Some position uncertainty areas are referenced to 
an inclusiveness of 50%. That is, an asset is known to be 
within the area of uncertainty by a probability of 50%. These 
uncertainties may be modified to provide more accurate entry 
and/or exit reporting. The system forms an area of uncertainty 
210 from an original area of uncertainty 210' by increasing a 
certainty associated with the original area of uncertainty 210' 
thereby resulting in the area of uncertainty 210. This area of 
uncertainty 210 is used by the system as described below. 
This process is described above with relation to FIG. 6B. 

In some embodiments, step 410 is performed but steps 420, 
430 and 440 are not performed. In other embodiments, step 
410 is performed with steps 420, 430 and/or 440. For 
example, a system may receive the fix data (410) and map the 
fix data to a plane (420). Alternatively, a system may receive 
the fix data (410) and then check the fix data for validity (430). 
Alternatively, a system may receive the fix data (410) and then 
increase certainty. 

FIG. 12A shows additional detail of step 330 and the begin 
ning of steps 360 and 380 from FIGS. 9A, 9B, 10A and 10B 
described above. Tests are sequenced such that tests having 
lower levels of complexity (lower order) are performed 
before tests having higher levels of complexity (higher order). 
In this way, most position fixes are processed using compu 
tations having a lower order of mathematical complexity than 
conventionally implemented. At 510, a system executes one 
or more first order tests to determine if an area of uncertainty 
is outside or inside the geographical boundary 10. The first 
order tests are executed until a definitive result is obtained or 
until the first order tests have been exhausted. The first order 
tests are described below with reference to FIGS. 13 and 14. 

At 520, the system executes one or more second order tests 
to determine if the area of uncertainty is outside or inside the 
geographical boundary 10. The second order tests are 
executed until a definitive result is obtained or until the sec 
ond order tests have been exhausted. The second order tests 
are described below with reference to FIGS. 15 and 16. 

FIG.12B further illustrates step 360 of FIG.9B and check 
ing for an exit event. If tests from steps 510 and 520 are 
indecisive, processing continues at step 530. At 530, the sys 
tem performs a second order test to determine whether the 
core of the uncertainty area is straddling the geographical 
boundary 10 (partially inside and partially outside). The core 
of the uncertainty area is an under-inclusive area. That is, the 
core area is completely within the area of uncertainty but does 
not include all of the area of uncertainty. This second order 
test is described below with reference to FIG. 17. 

If the test is indecisive, processing continues at step 540. At 
540, higher order overlap testing is performed to determine 
whether the uncertainty area is outside the geographical 
boundary 10. Higher order overlap testing is more computa 
tionally intensive than second order testing. This higher order 
test is described below with reference to FIG. 19. 

FIG. 12C further illustrates step 380 of FIG. 10B and 
checking for an entry event. If tests from steps 510 and 520 are 
indecisive, processing continues at step 550. At 550, the sys 
tem performs a second order test to determine whether the 
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12 
core of the uncertainty area is straddling the geographical 
boundary 10 (partially inside and partially outside). This sec 
ond order test is described below with reference to FIG. 18. 

If the test is indecisive, processing continues at step 560. At 
560, higher order overlap testing is performed to determine 
whether the uncertainty area is inside the geographical 
boundary 10. This higher order test is described below with 
reference to FIG. 20. 

FIGS. 13, 14, 15, 16, 17, 18, 19 and 20 illustrate various 
tests to determine whether an asset is inside, outside, not 
inside, not outside or straddling a geographical boundary, in 
accordance with some embodiments of the present invention. 

FIG. 13 shows a first order test used to determine whether 
an area of uncertainty is outside a geographic area 20. A first 
order test operates with additions (and/or subtractions) to 
obtaina result. This test determines whetheran over-inclusive 
generalized form of the area of uncertainty 210 is completely 
outside the area 20 enclosed by the geographical boundary 
10. If the generalized area is outside the area 20, then the area 
ofuncertainty 210 is also outside the area 20. 
The geographic boundary 10 and geographic area 20 are 

defined by a center position G 12 and a radius R 14. The 
position data includes position coordinates (P. X, P y) defin 
ing point P 200 and also includes an area of uncertainty 210 
(e.g., providing a 95% level of certainty) defined by major 
axis 220 and a minor axis 230. The generalized uncertainty 
area may be defined by a circle 240 having a center point P 
200 and a radius equal to or greater than the length of the 
major axis 220. Alternatively, the generalized uncertainty 
area may be defined by a square 245 having a center point P 
200 and sides equal to or greater than twice the length of the 
major axis 220. 
The test compares a maximum of P X and P y to a sum of 

the radius R14 and half of the length of a side (radius 220) of 
the generalized square 245. The test may be written if max 
(P x, P y)>R+a, then the area of uncertainty 210 is outside of 
the geographical boundary 10. The comparison between the 
maximum value of P X and P y to a sum of the radius R and 
the major axis 220 may be performed by a hardware or soft 
ware comparator, a processor or like means. If max(P. X, 
Py)<=R+a, the result is not decisive and further testing is 
performed to determine whether the area of uncertainty 210 
may be outside, inside or straddling the geographical bound 
ary 10. 

FIG. 14 shows a first order test used to determine whether 
an area of uncertainty is inside a geographic area 20. This test 
determines whetheran over-inclusive generalized form of the 
area of uncertainty 210 is completely inside the area 20 
enclosed by the geographical boundary 10. If the generalized 
area is inside the area 20, then the area of uncertainty 210 is 
also inside the area 20. 
The test compares a sum of the maximum of P X and P y 

multiplied by the square root of 2 and the radius 220 of the 
generalized circle 240. The test may be written if max(P. X, 
Py)*sqrt(2)+a<R, then the area of uncertainty 210 is inside 
of the geographical boundary 10. The parameter “sqrt(2)” 
may be approximated by an adjustment parameter approxi 
mately equal 1.4 or 1.5. The comparison between the sum of 
the maximum value (of P X and Py) and the major axis (a) to 
the radius R may be performed by a hardware or software 
comparator, a processor or like means. 

FIG. 15 shows a second order test used to determine 
whether an area of uncertainty is outside a geographic area 
20. A second order test operates with multiplication opera 
tions to obtain a result. This test determines whetheran over 
inclusive generalized form of the area of uncertainty 210 is 
completely outside the area 20 enclosed by the geographical 
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boundary 10. If the generalized area is outside the area 20, 
then the area of uncertainty 210 is also outside the area 20. 

The test compares a square of the distance between center 
points with a square of a Sum of radii. Specifically, the test 
may be written if (d).<=(R+a), then the area of uncertainty 
210 is outside of the geographical boundary 10, where the 
variable d is a distance from point G12 to point P 200. The 
comparison between the square of a distance to the square of 
the sum of the radius R and the major axis 220 may be 
performed by a hardware or software comparator, a processor 
or like means. If (d) <(R+a), the result is not decisive and 
further testing is performed to determine whether the area of 
uncertainty 210 may be outside, inside or straddling the geo 
graphical boundary 10. 

FIG. 16 shows a second order test used to determine 
whetheran area of uncertainty is inside a geographic area 20. 
A second order test operates with multiplication operations to 
obtain a result. This test determines whetheran over-inclusive 
generalized form of the area of uncertainty 210 is completely 
inside the area 20 enclosed by the geographical boundary 10. 
If the generalized area is inside the area 20, then the area of 
uncertainty 210 is also inside the area 20. 

The test compares a square of the distance between center 
points with a square of a difference of radii. Specifically, the 
test may be written if (d)’-(R-a), then the area of uncer 
tainty 210 is inside of the geographical boundary 10. The 
comparison between the square of the distance to the square 
of the difference of the radius R and the major axis 220 may 
be performed by a hardware or software comparator, a pro 
cessor or like means. If (d) >=(R-a), the result is not deci 
sive and further testing is performed to determine whether the 
area of uncertainty 210 may be outside, inside or straddling 
the geographical boundary 10. 

FIG. 17 shows a second order test used to determine 
whethera core 248 of an area of uncertainty 210 overlaps with 
a geographic area 20. This test is used when determining 
whether an exit event has occurred. This test determines 
whether an under-inclusive generalized form 248 of the area 
ofuncertainty 210 partially overlaps the area 20 enclosed by 
the geographical boundary 10. If the generalized core area 
248 is inside the area 20, then the area of uncertainty 210 
straddles the outside the area 20. 
The test compares a square of the distance between center 

points with a square of a Sum of radii. Specifically, the test 
may be written if (d)’.<(R+b), then the area of uncertainty 
210 overlaps the geographical boundary 10. If(d) >=(R+b), 
the result is not decisive and further testing is performed to 
determine whether the area of uncertainty 210 may be out 
side, inside or straddling the geographical boundary 10. 

FIG. 18 shows a second order test used to determine 
whethera core 248 of an area of uncertainty 210 overlaps with 
a geographic area 20. This test is used when determining 
whether an entry event has occurred. This test determines 
whether an under-inclusive generalized form 248 of the area 
ofuncertainty 210 partially overlaps the area 20 enclosed by 
the geographical boundary 10. If the generalized core area 
248 is inside the area 20, then the area of uncertainty 210 
straddles the outside the area 20. 
The test compares a square of the distance between center 

points with a square of a difference of radii. Specifically, the 
test may be written if (d) >(R-b), then the area of uncer 
tainty 210 overlaps the geographical boundary 10. If(d)- 
(R-b), the result is not decisive and further testing is per 
formed to determine whether the area of uncertainty 210 may 
be outside, inside or straddling the geographical boundary 10. 
When the distance d is outside the ranges R-a, R-band 

R+b, R+a, the test described above with reference to FIGS. 
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14 
13-18 may be used to definitively determine whether the 
uncertainty is outside, inside or overlapping with the geo 
graphic boarder 10. The tests described above and performed 
to this point have been non-iterative tests requiring signifi 
cantly less CPU processing power and time than traditional 
iterative-numerical tests. If these non-iterative tests are deci 
sive, the computational and time costs of numerical tests may 
be avoided. If these non-iterative tests are indecisive (for 
example, because the area of uncertainty is close but not 
known to overlap with the area 20), then numerical tests may 
be used to determine whether an area of uncertainty 210 
overlaps with a geographical area 20. 

FIG. 19 shows an iterative-numerical test used to check for 
an exit event. The test may be used when the distance d 
between center points G and P is in a gray area where the 
under-inclusive core 248 does not cross the geographical 
boundary 10 but the over-inclusive generalized uncertainty 
area 240 does cross the geographical boundary 10. That is, 
when R+b-d<R+a, an iterative test may be used to check for 
an exit event. 
The iterative test determines a first angle do a tan (gy/gx) 

where do measures the angle from point P200 of the ellipse, 
which is reoriented along its axis and centered at (0,0), to 
point Gata relative position (gX, gy) with axes a 220 aligned 
along the X axis. Not only is the ellipse reoriented but the 
circle may be rotated accordingly and transposed to first 
quadrant. An incremental angled, is defined as db =db+idDA, 
where i goes from 0 to n (e.g., 5, 10 or 15) and where dA is an 
incremental step preset at a step angle (e.g., 1, 2 or 3 degrees). 
It will be apparent that a designer will need to balance con 
flicting interest of high resolution (driving dba Small), a low 
computation count (driving in small), and a wide span of 
angles tested (driving the product nobA large). A point P, is 
defined as a point on the uncertainty ellipse 210 that intersects 
with a line drawn from point P200 at (0,0) at an angled. A 
distanced, is defined as a distance from point P, to point G12 
at (gx, gy), where distance do is defined as a distance from 
point Po to point G12 at (gx, gy). 
The system iteratively computes, for i=0 to n, dd, P, and d. 

then compares d, to the radius R14 of the area20. Ifd,<R, then 
the geographical boundary 10 intersects (straddles) the uncer 
tainty ellipse 210 and the system may declare an overlap 
between area 20 and ellipse 210. If ded, then d was a 
minimum, therefore no intersection exist and the system may 
declare the uncertainty ellipse 210 is definitely outside of the 
area 20, therefore, it may report an exit event. Otherwise, the 
index i is incremented (i++) and the test is repeated unless in. 

FIG.20 shows an iterative-numerical test used to check for 
an entry event. The test may be used when the distanced 
between center points G and P is in a gray area where the 
under-inclusive core 248 does not cross the geographical 
boundary 10 but the over-inclusive generalized uncertainty 
area 240 does cross the geographical boundary 10. That is, 
when R-a-d-R-b, an iterative test to check for an entry may 
be performed. 
The iterative test initializes by determining a first angle do 

which may be from the center P200 (P. X, Py) of the ellipse 
210 and along a minor axis 230 of the ellipse 210. An incre 
mental angle did, offset from do is defined as db =db+idDA, 
where i goes from 0 to m (e.g., 5, 10 or 15) and where dA is an 
incremental step presetata Stepangle (e.g., 5 degrees). Again, 
it will be apparent that a designer will need to balance con 
flicting interest of high resolution (driving dba Small), a low 
computation count (driving m Small), and a wide span of 
angles tested (driving the product mobA large). The param 
eter d, described with reference to FIG. 19 may be different 
from this parameter d described with reference to FIG. 20. 
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A point P, is defined as a point on the uncertainty ellipse 210 
that intersects with a line drawn from point P200 at an angle 
d. A distanced, is defined as a distance from point P, to point 
G 12 at (gx, gy), where distance do is defined as a distance 
from point Po to point G12 at (gx, gy). 
The system iteratively computes, for i=0 to m, dd, P, and d. 

then compares d, to the radius R14 of the area20. Ifd-dR, then 
the geographical boundary 10 intersects (straddles) the uncer 
tainty ellipse 210 and the system may declare an overlap 
between area 20 and ellipse 210. If d ?d, then d was a 
maximum, therefore no intersection exist and the system may 
declare no overlap. In this case, the uncertainty area 210 is 
entirely within the area 20, therefore an entry event may be 
reported. Otherwise, the index i is incremented (i++) and the 
test is repeated unless im. 

FIG. 21 shows a hardware implementation, in accordance 
with some embodiments of the present invention. The hard 
ware 1000 includes a processor 1010 and associated memory 
1020. The hardware 1000 may also include an internal satel 
lite receiver or an interface to receive information from a 
satellite receiver. The methodologies described herein may be 
implemented by various means depending upon the applica 
tion. For example, these methodologies may be implemented 
in hardware, firmware, software, or a combination thereof. 
For a hardware implementation, the processing units may be 
implemented within one or more application specific inte 
grated circuits (ASICs), digital signal processors (DSPs), 
digital signal processing devices (DSPDs), programmable 
logic devices (PLDs), field programmable gate arrays (FP 
GAS), processors, controllers, micro-controllers, micropro 
cessors, electronic devices, other electronic units designed to 
perform the functions described herein, or a combination 
thereof. 

For a firmware and/or software implementation, the meth 
odologies may be implemented with modules (e.g., proce 
dures, functions, and so on) that perform the functions 
described herein. Any machine readable medium tangibly 
embodying instructions may be used in implementing the 
methodologies described herein. For example, software 
codes may be stored in a memory and executed by a proces 
sor. Memory may be implemented within the processor or 
external to the processor. As used herein the term “memory” 
refers to any type of long term, short term, Volatile, nonvola 
tile, or other memory and is not to be limited to any particular 
type of memory or number of memories, or type of media 
upon which memory is stored. 

The memory 1020 includes software instructions for pro 
cessing geographical coordinates into planar projection coor 
dinates that represent a geographical boundary, Software 
instructions for processing the position fix coordinates into 
planar projection coordinates to represent a position fix 
within a position fix area, and Software instructions for moni 
toring whether the position fix has enter the geographical 
boundary. The processor 1010 is configured to access and 
execute the software instructions held by the memory 1020. 
In some embodiments, the memory 1020 is a component 
within the processor 1010. In some embodiments, the geo 
graphical tracking device 1000 is outside one or more geo 
graphical boundaries. Each geographical boundary is repre 
sented by a set of geographical coordinates. The processor 
1010 is configured to access and execute software instruc 
tions from memory 1020 for each of the one or more geo 
graphical boundaries. 

In some embodiments, the memory 1020 includes one or 
more additional software instructions such as, but not limited 
to, determining if the position fix is certainly outside the 
geographical boundary, determining if the position fix is cer 
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16 
tainly inside the geographical boundary, determining if the 
position fix is outside the geographical boundary, determin 
ing if the position fix is not inside the geographical boundary, 
obtaining a second position fix and determining if the second 
position fix is certainly outside the geographical boundary, 
determining if the second position fix is certainly inside the 
geographical boundary, determining if the second position fix 
is outside the geographical boundary, determining if the sec 
ond position fix is not inside the geographical boundary, or 
performing an enter check on the position fix. In some 
embodiments, the enter check includes placing a geographi 
cal center at the origin of a X-y axis system, transposing the 
position fix to the first quadrant of the X-yaxis system, setting 
a scan range for a polar angle of the position fix area based on 
an inclination angle C. between a major axis and the North 
direction, Scanning the polar angle over the scan range to 
compute a relative distance from the position fix area to the 
geographical center, and finding the maximum of the relative 
distance to determine if there is an enter event. 
The previous description of the disclosed aspects is pro 

vided to enable any person skilled in the art to make or use the 
present disclosure. Various modifications to these aspects will 
be readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other aspects 
without departing from the spirit or scope of the disclosure. 

The invention claimed is: 
1. A method for tracking an asset, the method comprising: 
obtaining a geographical boundary; 
receiving fix data comprising uncertainty parameters 

defining an area of uncertainty: 
determining an over-inclusive area of uncertainty based on 

at least one of the uncertainty parameters; 
determining a relationship between the geographical 

boundary and the area of uncertainty based on the over 
inclusive area of uncertainty, wherein the relationship 
comprises one of possible relationships comprising a 
relationship in which the area of uncertainty is com 
pletely inside the geographical boundary; a relationship 
in which the area of uncertainty is completely outside 
the geographical boundary; and an indeterminate rela 
tionship; 

resolving the indeterminate relationship using a first order 
test to determine whether the area of uncertainty is 
inside the geographical boundary or outside the geo 
graphical boundary; and 

reporting an event based on a change from a previous 
determined relationship. 

2. The method of claim 1, wherein the over-inclusive area 
comprises an area of increased certainty over the area of 
uncertainty. 

3. The method of claim 1, further comprising resolving the 
indeterminate relationship using a second order test to deter 
mine whether the area of uncertainty is inside the geographi 
cal boundary or outside the geographical boundary, in 
response to the first order test being not decisive. 

4. The method of claim3, further comprising resolving the 
indeterminate relationship using a higher order test to deter 
mine whether the area of uncertainty is inside the geographi 
cal boundary or outside the geographical boundary, in 
response to the second order test being not decisive. 

5. The method of claim 1, wherein the geographical bound 
ary comprises a plurality of closed areas. 

6. The method of claim 1, wherein the geographical bound 
ary comprises a function of time. 

7. The method of claim 1, wherein the act of receiving the 
fix data comprises mapping the fix data to a plane. 
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8. The method of claim 1, wherein the act of receiving the 
fix data comprises checking the fix data for validity. 

9. The method of claim 8, wherein the act of checking the 
fix data for validity comprises: 

determining an acceleration between the fix data and two 
previous fix data points; and 

comparing the determined acceleration to a threshold. 
10. The method of claim 1, wherein the act of receiving the 

fix data comprises forming the area of uncertainty by increas 
ing a certainty of an original area of uncertainty. 

11. The method of claim 1, wherein the over-inclusive area 
of uncertainty defines a circle. 

12. The method of claim 1, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the act of determining 
the relationship comprises: 

comparing a maximum value to a Sum of the radius R and 
the major axis (a): 

wherein the maximum value comprises max(P. X, Py), 
where P x is a relative latitudinal displacement and P y 
is a relative longitudinal displacement between a center 
(G) of the geographical boundary and a center (P) of the 
area of uncertainty. 

13. The method of claim 1, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the act of determining 
the relationship comprises: 

comparing a sum of a maximum value and the major axis 
(a) to the radius R; 

wherein the maximum value comprises of max(P. X, Py) 
scaled by an adjustment parameter, where P X is a rela 
tive latitudinal displacement and P y is a relative longi 
tudinal displacement between a center (G) of the geo 
graphical boundary and a center (P) of the area of 
uncertainty. 

14. The method of claim 1, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the act of determining 
the relationship comprises: 

comparing a square of a distance to a square of a Sum of the 
radius R and the major axis (a): 

wherein the distance comprises between a center (G) of the 
geographical boundary and a center (P) of the area of 
uncertainty. 

15. The method of claim 1, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the act of determining 
the relationship comprises: 

comparing a square of a distance to a square of a difference 
of the radius R and the major axis (a): 

wherein the distance comprises between a center (G) of the 
geographical boundary and a center (P) of the area of 
uncertainty. 

16. The method of claim 1, further comprises determining, 
when the indeterminate relationship exists between the geo 
graphical boundary and the area of uncertainty, no new fix is 
required based on an accuracy of the fix data. 

17. The method of claim 1, further comprising: 
determining a new fix is required based on an accuracy of 

the fix data and the indeterminate relationship exists 
between the geographical boundary and the area of 
uncertainty: 

receiving new fix data comprising new uncertainty param 
eters defining a new area of uncertainty: 

determining a new over-inclusive area of uncertainty based 
on at least one of the new uncertainty parameters; and 
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18 
determining a new relationship between the geographical 

boundary and the new area of uncertainty based on the 
new over-inclusive area of uncertainty. 

18. The method of claim 17, wherein the geographical 
boundary defines a radius R, wherein the new area of uncer 
tainty defines a major axis (a) and a minor axis (b), and 
wherein the act of determining the new relationship com 
prises: 

comparing a square of a distance to a square of a Sum of the 
radius R and the minor axis (b): 

wherein the distance is between a center (G) of the geo 
graphical boundary and a center (P) of the area of uncer 
tainty. 

19. The method of claim 17, further comprising: 
performing a numerical test to check for an intersection 

between the new area of uncertainty and the geographi 
cal boundary. 

20. The method of claim 19, wherein the act of performing 
the numerical test comprises: 

determining a sequence of points along an edge of the new 
area of uncertainty; and 

for each point (P.) of the sequence of points, 
determining a distance (d) between the point (P) and a 

center of the geographical boundary; 
comparing the distance (d) to the radius R of the geo 

graphical boundary; and 
determining whether the geographical boundary over 

laps with the new area of uncertainty. 
21. The method of claim 20, wherein the act of performing 

the numerical test further comprises: 
centering and rotating the new area of uncertainty prior to 

the act of determining the sequence of points. 
22. The method of claim 20, wherein the act of performing 

the numerical test further comprises: 
finding a minimum distance (d); and 
determining no overlap exists. 
23. The method of claim 17, wherein the geographical 

boundary defines a radius R, wherein the new area of uncer 
tainty defines a major axis (a) and a minor axis (b), and 
wherein the act of determining the new relationship com 
prises: 

comparing a square of a distance to a square of a difference 
between the radius R and the minor axis (b): 

wherein the distance comprises between a center (G) of the 
geographical boundary and a center (P) of the area of 
uncertainty. 

24. The method of claim 20, wherein the act of performing 
the numerical test further comprises: 

finding a maximum distance (d); and 
determining no overlap exists. 
25. The method of claim 1, wherein the change indicates 

entering the geographical boundary. 
26. The method of claim 1, wherein the change indicates 

exiting the geographical boundary. 
27. A system for tracking an asset, the system comprising: 
means for obtaining a geographical boundary; 
means for receiving fix data comprising uncertainty 

parameters defining an area of uncertainty: 
means for determining an over-inclusive area of uncer 

tainty based on at least one of the uncertainty param 
eters; 

means for determining a relationship between the geo 
graphical boundary and the area of uncertainty based on 
the over-inclusive area of uncertainty, wherein the rela 
tionship comprises one of possible relationships com 
prising a relationship in which the area of uncertainty is 
completely inside the geographical boundary; a relation 
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ship in which the area of uncertainty is completely out 
side the geographical boundary; and an indeterminate 
relationship; 

means for resolving the indeterminate relationship using a 
first order test to determine whether the area of uncer- 5 
tainty is inside the geographical boundary or outside the 
geographical boundary; and 

means for reporting an event based on a change from a 
previous determined relationship. 

28. The system of claim 27, wherein the geographical 
boundary comprises a function of time. 

29. The system of claim 27, wherein the over-inclusive area 
of uncertainty defines a circle. 

30. The system of claim 27, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the means for determin 
ing the relationship comprises: 

means for comparing a maximum value to a sum of the 
radius R and the major axis (a): 

wherein the maximum value comprises max(P. X, Py), 
where P X is a relative latitudinal displacement and Py 
is a relative longitudinal displacement between a center 
(G) of the geographical boundary and a center (P) of the 
area of uncertainty. 

31. The system of claim 27, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the means for determin 
ing the relationship comprises: 
means for comparing a sum of a maximum value and the 

major axis (a) to the radius R; 
wherein the maximum value comprises of max(P X, Py) 

Scaled by an adjustment parameter, where P X is a rela 
tive latitudinal displacement and P y is a relative longi 
tudinal displacement between a center (G) of the geo 
graphical boundary and a center (P) of the area of 
uncertainty. 

32. The system of claim 27, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the means for determin 
ing the relationship comprises: 

means for comparing a square of a distance to a square of 
a sum of the radius R and the major axis (a): 

wherein the distance comprises between a center (G) of the 
geographical boundary and a center (P) of the area of 
uncertainty. 

33. The system of claim 27, wherein the geographical 
boundary defines a radius R, wherein the area of uncertainty 
defines a major axis (a), and wherein the means for determin 
ing the relationship comprises: 
means for comparing a square of a distance to a square of 50 

a difference of the radius R and the major axis (a): 
wherein the distance comprises between a center (G) of the 

geographical boundary and a center (P) of the area of 
uncertainty. 
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34. The system of claim 27, further comprises means for 

determining no new fix is required based on an accuracy of the 
fix data and that the indeterminate relationship exists between 
the geographical boundary and the area of uncertainty. 

35. The system of claim 27, further comprising: 
means for performing a numerical test to check for an 

intersection between the area of uncertainty and the 
geographical boundary. 

36. A geographical tracking device comprising a processor 
and a memory wherein the memory includes software 
instructions to: 

obtain a geographical boundary; 
receive fix data comprising uncertainty parameters defin 

ing an area of uncertainty: 
determine an over-inclusive area of uncertainty based on at 

least one of the uncertainty parameters; 
determine a relationship between the geographical bound 

ary and the area of uncertainty based on the over-inclu 
sive area of uncertainty, wherein the relationship com 
prises one of possible relationships comprising a 
relationship in which the area of uncertainty is com 
pletely inside the geographical boundary; a relationship 
in which the area of uncertainty is completely outside 
the geographical boundary; and an indeterminate rela 
tionship; 

resolve the indeterminate relationship using a first order 
test to determine whether the area of uncertainty is 
inside the geographical boundary or outside the geo 
graphical boundary; and 

report an event based on a change from a previous deter 
mined relationship. 

37. A non-transitory computer-readable medium including 
program code stored thereon, comprising program code to: 

obtain a geographical boundary; 
receive fix data comprising uncertainty parameters defin 

ing an area of uncertainty: 
determine an over-inclusive area of uncertainty based on at 

least one of the uncertainty parameters; 
determine a relationship between the geographical bound 

ary and the area of uncertainty based on the over-inclu 
sive area of uncertainty, wherein the relationship com 
prises one of possible relationships comprising a 
relationship in which the area of uncertainty is com 
pletely inside the geographical boundary; a relationship 
in which the area of uncertainty is completely outside 
the geographical boundary; and an indeterminate rela 
tionship; 

resolve the indeterminate relationship using a first order 
test to determine whether the area of uncertainty is 
inside the geographical boundary or outside the geo 
graphical boundary; and 

report an event based on a change from a previous deter 
mined relationship. 
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